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Data collection from corn yield trials produces large amounts of data collected by a combination of 
breeders, research associates, research assistants, and part-time labor. Expectations and specifications 
on how the data is collected are outlined in work instruction documents specific to the collected 
trait/traits. During data collection training periods, an experienced individual will demonstrate the 
procedures explained in the work instruction documents to the data collection team. The trainer will 
then ask the data collection team to replicate the process demonstrated to them. Traditionally, once the 
experienced trainer “feels” that the team is ready, they will proceed into the field to collect data. 
Traditional data collection training provides satisfactory results in most cases. However, the person 
conducting the training cannot easily measure the data collectors' precision. How does the trainer 
identify individuals having difficulty understanding what is needed or that are not sufficiently consistent 
with the rest of the team? With demand from trait pipelines to improve data quality, there needs to be 
a way to objectively assess data collection teams' performance in terms of data precision, individual 
performance, and group performance. 
Here, I propose a statistical tool used during a training event to analyze raw data and provide instant 
feedback. To provide this feedback, the statistical tool determines individual performance in the 
context of the group’s measurements. With the statistical tool presented in a spreadsheet, data that 
indicates problems of exceeded tolerance of deviation from the mean or exceeded precision 
tolerance are highlighted to inform the trainer. Instant feedback allows improvements and retraining 
to occur before mass data is collected from actual plots. Having a well- trained data collection team 
will help improve consistency and reduce bias. A well-designed statistical tool will also be flexible for 
utilization with multiple work instructions. 
The Data Quality Training Tool (DQTT) was created in the context of improving corn plant and ear height 
measurements. The DQTT allows for an evaluation of the measurements that exceeded the expected 
consistency for the group and were analyzed for the team members tendency to be high, low, or highly 
variable. In a test case of the tool, two of the four individuals were identified as potentially benefiting 
from additional training. Person 1 reported measurements that exceeded one standard deviation from 
the mean 19 times (59%). Person 2 reported measurements that exceeded one standard deviation from 
the mean 16 times (50%). Because plant breeders commonly expect a four-inch tolerance (as an 
acceptable industry standard) for variability of team members’ measurements, this precision threshold 
was also evaluated. Only Person 1 exceeded this precision threshold by reporting 19% of their 
measurements exceeding this tolerance level. With a group average standard deviation of 2.1 inches, 





Monitoring crew members of a yield trial data collection team and ensuring data meets high-quality 
standards of measurement precision (i.e., consistency of measurements) can be difficult while data is 
being collected. Data collection teams usually consist of 4-12 individuals that work in a rhythm to 
constantly communicate collected data such as corn plant and ear height measurements to a team 
leader that is recording data into a device. This rhythm is developed to record data as efficiently as 
possible. The rhythm is needed during data collection to help provide a predictable pattern to enable 
the data collector to know who will be vocalizing their observation, which observation will be vocalized 
first in the event of more than one observation from an individual, and confirm that the recording 
device matches the pattern of movement through the field. 
Inconsistencies among those making field measurements are rarely caught by the individual that records 
the data. That individual receives data faster than they can manually analyze that data. The data 
recorder has to assume that the measurements are correct and consistent across everyone making 
measurements. In order to trigger in the recorder’s mind, the potential for low precision measurement 
would need to be much different from previous measurements called out in that set of plots. Examples 
of inconsistencies that would trigger the data recorders review include suspicious patterns or data 
appearing out of a predetermined tolerance. The recorder’s review in the field is not a reliable method 
towards collecting good quality data and should never be relied upon. 
This paper is written with the focus of developing a statistical tool to conveniently identify 
inconsistencies in data collection for corn plant and ear height measurements. Situations that can lead 
to these inconsistencies in the context of corn plant height and ear height measurement include not 
selecting a representative plant for that plot, measuring the wrong plant part, mis-reading the 
measuring device, and placing the base of the measuring device on soil that does not represent a zero 
measurement. However, as a human endeavor, causes for differences in measurement are not limited 
to the inconsistencies listed above. 
Current protocols for quality control only focus on final measurements and statistical outputs. A focus 
on the end products produce a reactionary culture around data collection. A reactionary culture does 
not encourage in season improvements for individuals and teams that allow inconsistent data to be 
collected. Inconsistent data may not be recognized until it is too late to be corrected. The Data Quality 
Training Tool (DQTT) enables data collection teams to focus on becoming proactive since data quality 
analysis can start at training and before any mass data collection takes place. Current protocols also do 
not allow for documentation of training, individual performances, team performances or retraining to 
improve performances. The DQTT provides a method for documentation and implementing a proactive 
approach for improving precision across all measurements. 
Many factors contribute to inconsistencies. An example is how corn plant and ear height measuring 
devices could be mis-read. Older, out of date devices may become dirty, poorly labeled, or cause 
difficulty in identifying correct measurement. The yellow arrow in Figure 1 indicates the correct node to 
measure plant ear height. Examples of inconsistencies that result from not measuring from the correct 
zero measuring point can be seen in Figure 2. Other examples of incorrect zero measuring points include 






Figure 1. Corn plant and ear height measuring devices. Yellow arrow indicates the correct corn node to 
measure for ear height. 
 
 
Figure 2. Example of inconsistencies from not measuring from the correct zero measuring point. The left 
image shows a measuring device incorrectly placed on brace roots resulting in a measurement that does 
not start from the correct starting point. The right image shows the measurement starting at the correct 
zero measuring point of the soil surface. 
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Inconsistencies also occur when plant parts are not identified correctly. Figure 3 displays the correct 
plant parts indicated by yellow arrows and incorrect plant parts indicated by red arrows. Ear height is to 
be measured at the ear branch node (Allen, 2005) where the base of the ear shank attaches to the stalk. 
Common ear height inconsistencies occur from measuring the ear tip, ear base, or secondary ear branch 
node. Plant height is to be measured at the node where the tassel and flag leaf attach to the stalk. 
Common plant height inconsistencies occur from measuring incorrect tassel parts include primary tip 
and the point where the peduncle and branching space meet (Wartha, 2016). 
 
 
Figure 3. Identifying correct and incorrect plant parts to measure. Yellow arrows indicate correct plant 
parts and red indicate incorrect plant parts. 
Identification of representative plants is also important to prevent inconsistencies. Figure 4 displays 
examples of how representative plants should be chosen from a plot. Rarely are plots completely 
uniform and some plots have high levels of variability among plants. Representative plants are 
determined by subjective selection of a plant that represents a common phenotype within that plot. In 






Figure 4. Examples of representative plants. Yellow arrows indicate representative plants and red arrows 
indicate non-representative plants. Representative plants display a common plant and ear height 
phenotype within a plot. 
When considering a plant breeding program, the risk of recording inconsistent measurements can have 
many negative effects. If a team has inconsistent measurements entering into a seed production 
pipeline, they could skew the results and allow for the wrong varieties to be selected. Skewed decisions 
within research plots may produce false positives or false negatives on which a plot is selected for the 
respective agronomic trials. Misrepresented data may remain in the pipeline for a long time before 
statistical analysis identifies the selection. When detected, some post processing can be performed, but 
will not be as accurate as having the original measurements being consistent across team members. In 
some instances, a correction may not be possible and valuable information is lost. 
Efficiency is also reduced when measurements are inconsistent. If inconsistent measurements are 
discovered at the end of a data collection period, it will require the measurements to be recollected. 
This will mean another trip to the same field/fields and increasing the time needed for that observation. 
This is time that could have been used towards the completion of that observation or other observation 
sites. If the inconsistent measurements are not discovered in time, the opportunity may not exist for 
time sensitive observations. Examples of this could include date of flowering or early seedling vigor. 
Needing to recollect data also has a negative impact on data collection crew moral and may lead to 
increased inconsistencies in one or several categories of measurements. 
Having a statistical tool that can be utilized during the training process has many positive attributes. The 
most important attribute is that everyone including the trainer is equally graded on their performance. 
The performance of the team reflects the understanding of what is being asked by the work instruction 
and the observation needed. Even the trainer may be corrected by the statistical tool because 
experience alone does not remove bias. Another attribute is confidence, and this is especially true with 
new data collectors. Once everyone has been trained with the Data Quality Training Tool (DQTT) and has 
passed, they can feel confident that they have grasped the purpose of the data observation and know 
exactly what they are expected to do. The DQTT also provides a way for trainers to document the 




With an increasing focus on short corn varieties and the smaller tolerances for ear heights, the need for 
data collection teams to improve their measurement precision has become increasingly important. 
Short corn varieties must fit into a narrow window of ear height to meet various agronomic needs. 
Missing these windows due to false negative results or meeting the window with a false positive result 
may mean that profitable opportunities are being missed early in the selection process. 
 
 
Materials and Methods 
Data Quality Training Tool Design 
The DQTT was created using Microsoft Excel because of the general knowledge that most people have 
with the program. It is also easily accessible through iPads, iPhones, laptops, or other data recording 
devices. The DQTT also does not require special computer or statistical skills for users to run the 
program. Simple data entry and visual screening is all that is required to run the program. 
The DQTT worksheet is composed of multiple tabs. The first tab, labeled as the Master Tool, acts as the 
working interface to the program. The Master Tool includes tables to enter specific field identifying 
information, date, and raw measurements. It also contains the tables that will display statistical results 
comparing the measurements of each individual data collector with respect to the group’s standard 
deviation, magnitude of deviations, static inch tolerance intervals, and a grade for indicating 
acceptability or need for evaluation and possible retraining (Clewer, 2006). Succeeding tabs within the 
DQTT allow for alternate methods to evaluate the measurements. These other tabs within the DQTT 
include Standard Deviations, 1” Tolerance, 2” Tolerance, 3” Tolerance, 4” Tolerance, and 5” Tolerance 
tabs. 
The second tab within the DQTT is the Standard Deviation Tab. Within this tab, raw measurement is 
broken apart into two separate categories for ear and plant height for separate analysis. Each 
individual’s measurements are analyzed together with the other team members’ measurements to 
determine mean, max, min, median, mode, standard deviation, coefficient of variance (CV), variance, 
direction of deviation, and magnitude of deviation. 
An evaluation table then displays measurements for each individual and flags measurements that fall 
above or below one standard deviation and if the respective measurements fall above or below two 
standard deviations. The flag consists of a numeral 1 that appears in the spreadsheet cell from the result 
of an IF statement and highlighted from conditional formatting. An example of an IF statement in this 
case is =IF(E26>=AE26,1,0). In this instance if cell E26 (the raw measurement) is greater than or equal to 
the one standard deviation above the mean of all data points for that entry than a 1 will appear in the 
cell. If the data does not meet this criterion than a zero will appear in the cell. All the flagged columns 
for each individual will be totaled at the bottom of the table and will display how many times each 
individual collected a data point that was flagged for violating one of the four values of deviation. For 
example, if the individual recorded eight measurements that were one standard deviation above the 
mean than there will be a total of eight flags. The total of flags will then be reported in the Master Tool 
Tab within the Standard Deviation Analysis: Total Flagged Data table. 
Conditional formatting is implemented in the Standard Deviations Tab to allow measurements of 
concern to be easily recognized. This is especially important for individuals that may be running this 
program but do not have expert experience in data analysis. Highlighted cells give the user an idea of 
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patterns that occur in the individual’s measurement data. If patterns exist then the patterns could 
include the tendency to measure high or low as a result of systemic inconsistencies, or the tendency to 
measure both high and low as a result of random inconsistencies (e.g., high variability). An example of 
the condition formatting would be a measurement that has failed to be within one standard deviation 
from the mean of all team members’ measurements. The cell containing that data will highlight one of 
four colors which include yellow for one standard deviation above the mean, red for two standard 
deviation above the mean, blue for one standard deviation below the mean and purple for two standard 
deviation below the mean. The same four colors will match the column heading that calculates standard 
deviation tolerances for that plot. This gives a quick reference if an individual tends to be one or two 
standard deviations off and in which direction. The color gives a quick reference so that the trainer 
knows where to focus while retraining an individual that may be struggling to collect measurements 
consistent with the rest of the team. 
Test Case 
A test set used to demonstrate the DQTT was assembled, which was based on a complete randomized 
block design that included eight plots of unique entries that were replicated twice. Replications were 
stacked on top of each other. Entries were composed of commercially available yellow dint hybrid corn 
varieties. Each entry range in maturity from a 110-115-day maturity for an average of 112-day maturity. 
The DQTT can be utilized with random field plots that are not replicated to aid in the ease of finding a fit 
training location. To maximize the effectiveness of the tool it is beneficial to find plots that have known 
variation between plots. Training in a set of plots that are uniform or nearly uniform will diminish the 
effectiveness of the DQTT. Uniform plots do not present enough variation to allow the opportunity for 
individuals to collect inconsistent measurements. This would not allow the DQTT to identify individuals 
that are reporting inconsistent measurements.  
Four participants recorded measurements in the 16 plots. The ear height was measured at the base of 
the ear shank and the tassel height was measured at the base of the flag leaf internode. The base of the 
measurement or ‘Zero’ mark was the soil surface at the base of the plant. Data collection for plant and 
ear heights occurred after the corn plant had started reproductive stages (R3-R6) and measurements 
were taken from plants that represented a common phenotypic display of height for that plot 
(representative plant). Measurements were taken using the plant and ear height device that is marked 
in one-inch intervals. Measurements were made by recording the measurement to the nearest inch and 
then documenting in the corresponding area of the worksheet. Each individual measurement for both 
ear and plant heights formed each entry. Data from the worksheet was then recorded into the DQTT for 
analysis. 
Data collectors are typically selected from available summer staff and considered to be above average 
on reliability, honesty, and drive to conduct quality work. The individuals used for this test case were 
summer help that consisted of college or high school students. They represented typical staff members 






The Standard Deviation Tab contains five sections. These sections are demonstrated using the test case 
in tables 1-5. These sections are shown in the tables in the order they appear in the tab from left to 
right. Section one (Table 1) includes the plot location and the raw measurements observed by each 
person for a given plot. Section two (Table 2) is where flags are issued and tallied according to the raw 
measurements and the group statistics. Statistical calculations are contained within the third section 
(Table 3). The fourth section (Table 4) determines direction of deviations while the fifth section (Table 5) 







Table 1. First section of the Standard Deviation Tab, which was designed for easy identification of 
patterns of deviation from the rest of the team’s measurements. The first four columns display where 
the measurement was collected in the field and are labeled by range, column (Col #), and Entry #. The 
raw measurement is imported from the Master Tool Tab and sorted into the columns of the individuals 
that made the observations. The highlighted colors help to identify patterns of statistically identified 
inconsistency with a quick visual reference. An example of this visual reference would be cells in this 
section highlighted in yellow correspond to the yellow column heading in section 3 (see Table 3), which 
means that the measurement is one standard deviation greater than the mean. Cells highlighted in blue 
would match the blue column heading of One – STDV and would indicate one standard deviation below 
the mean. Cells highlighted in red or purple would indicate that the measurement corresponds to the 
column heading of Two + STDV (two standard deviations above the mean) or Two – STDV (two standard 






Table 2. Section 2 of the Standard Deviation Tab, which was also designed to facilitate visual 
identification of patterns for how each individual’s measurement is analyzed for standard deviation. This 
section uses a conditional statement equation to display a numeral 1 if measurement is out of tolerance 
for standard deviation. The numeral 1 will highlight orange from the use of conditional formatting and 
count as a flag. The total flags are calculated at the bottom. Flags will be indicated twice if a 
measurement is two deviations from the mean in either direction. Formulas are in place to deduct the 
double flag since the conditional statement recognizes the measurement to be one and two deviations 






Table 3. Section 3 displays the statistical calculations, which allows individuals with greater statistical 
understanding to have more insights on the distribution of measurements being collected by the team. 
The column headings of the four different standard deviation groups are color coded in yellow, red, 
blue, and purple. CV values are also highlighted in yellow when in a range of 0.07-0.08, and red if the 
value is 0.08 or greater. CV thresholds are arbitrarily set.. CV values are only useful if two replications 
of plots exist. Average standard deviation is also calculated at the bottom of the STDV.P column. The 






Table 4. Section 4 identifies the directions of deviations. This table is helpful in understanding if there is 
pattern in the direction of deviations for an individual with respect to ear height, plant height, and as a 
summary for both. Direction is displayed as counts and as a percentage. In an ideal scenario an 






Table 5. Section 5 displays the magnitude of deviations. The average standard deviation of the group 
determines one magnitude of deviation and can be used to identify the group’s precision in inches. If an 
individual’s measurement exceeds one magnitude of deviation (2.1 inches in this scenario), the 
conditional statement will count 1 flag. Totals flags and percent flagged measurement is determined for 
ear height, plant height, and a summed for both. 
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The Tolerance tabs are set up in a similar fashion as the Standard Deviation tab in that the raw 
measurements are also imported to each tolerance worksheet (see Tables 6 and 7). The raw 
measurement data is again divided into ear height and tassel height tables. Within these tables, 
measurements are flagged if they are outside of the preset tolerance. For the 4 Inch Tolerance Tab the 
tolerance has been set to be greater than or equal to four inches above or below the mean of the group 
for each entry. The flags are summed at the bottom of the column and are reported in the Master Tool 
Tab in the Inch Tolerance table. Further research will be needed to determine tolerance needs for plant 
breeding experiments and what can be reasonably expected from manual measurements collected by 
teams. Current standards for acceptable inconsistencies allow for four inches of tolerance, which means 






Table 6. Second section of the 4 Inch Tolerance Tab with color coding for easy identification of patterns 
in each individual’s measurements with respect to the four-inch tolerance threshold. Yellow boxes with 
a numeral 1 are again a result of a conditional statement calculation. The numeral 1 will highlight yellow 
from the use of conditional formatting and count as a flag if the measurement is found to be four inches 






Table 7. Statistical section of the four-Inch Tolerance Tab which is organized very similarly to the 
Standard Deviations Tab and includes two additional columns that are labeled Mean + 4” and Mean - 4”. 
These two columns will display what the tolerance of each plot will be by adding or subtracting four 
inches to the mean of that plot. 
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Once data is reported to the Data Quality Analysis Report of the DQTT, a grade will be issued to each 
individual. The assessment is presented as a ‘yes’ or ‘no’ response for an individual needing 
correcting/retraining. A key at the bottom of the Master Tool Tab sets the criteria needed to receive a 
‘yes’ or ‘no’ response. For this test set, a passing grade for the standard deviation-based assessment 
requires each individual to have 60% or more of their measurements to be less than one standard 
deviation from the group’s mean. A 60% passing grade was arbitrarily chosen as a starting point. As 
more research is conducted with the DQTT the passing grade can be adjusted to fit a priori knowledge of 
achievable consistency. 
In an ideal situation, where a group of data collectors are collecting high quality measurements, it will be 
likely that the DQTT cannot identify individuals that are reporting inconsistent data. In other words, if 
everyone is collecting measurements in a way that the data is uniform, each individual or most of the 
individuals will fail according to how this analysis runs. In this situation, individuals and the group should 
not be judged by the results of the standard deviation analysis. Instead, the group and individuals will 
need to be evaluated by the results of the Inch Tolerance section of the Data Quality Analysis Report. 
Assessment standards can be easily adjusted to fit the tolerance desired or variation of a given trait by 
modifying the conditional statement formula in the “Needs Correcting/Retraining” column of the Master 
Tool Tab. Flexibility will be needed to allow this tool to be used for various agronomic traits and breeder 
expectations. The goal of the DQTT is that it can be utilized for any manually measured traits. 
Tool Demonstration with Test Case 
After the measurements were collected and run through the DQTT, the results on the Master Tab (Table 
8) indicate that Person 1 and Person 2 both failed the standard deviation analysis and will need 
retraining according to this analysis. Both received a grade that was less than or equal to 60%. Person 1 
failed the Inch Tolerance analysis by having more than 15% of their measurements exceeding the 4-inch 
tolerance that was set as the parameter. With the results from both analysis, Person 1 will need 






Table 8. Example of the DQTT Master Tool Tab, where raw measurement was entered into the Raw Data 
Entry Table. Data quality analysis will be reported in the tables on the bottom half of the page under 
Data Quality Analysis Report. A pass/fail grade was given based on the attributes set in the Grade Key 
section that is located at the bottom of the Master Tool Tab. 
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Patterns by individual were identified by examining the relationship between the individual’s 
measurements and the group’s respective measurement mean. Looking at the deviations from the 
mean, Person 1 made measurements that were higher than the mean 66% of the time where Person 2 
made measurements lower than the mean 66% of the time. Person 3 measured higher than the mean 
56% of the time. Person 4 called the measurements evenly with 50% of the measurements being higher 
and lower than the mean. Other patterns were identified by looking at the magnitude of deviation. 
Person 1 was flagged 18 times (56%) for exceeding the one standard deviation tolerance, which raises 
concern about that individual’s consistency with the group and suggests more training may be needed. 
Person 2, 3, and 4 exceeded magnitude of deviation tolerance 14, 7, and 8 times, respectively. Person 1 
and 2 recorded the highest frequency and magnitude of exceeding deviation tolerance. Data quality will 
benefit from them receiving additional training to help them reduce the number of times that a 
magnitude of deviation is exceeded in their data. 
The mean standard deviations for group equaled 2.1 inches for ear height and 3.0 inches for plant 
height. Compared to the standard 4-inch tolerance, these results suggest that a high level of precision 
can be obtained and potentially further improved with this type of quantitative feedback. Increased 
precision allows breeders to have a better understanding of the phenotypic display of varieties and be 
able to make more effective selections. 
Identifying Nature of Inconsistencies 
A deeper analysis can be done on the results from Persons 1 and 2 to understand why they failed and 
where to focus the retraining. For this the Standard Deviations Tab (Tables 1-5) can be viewed to 
understand where exactly their measurements were flagged. Person 1 received 15 flags for one 
deviation above the mean, 1 flag for two deviations above the mean, and only 2 flags for one deviation 
below the mean. This pattern indicates that Person 1 is tending to measure too high. Person 2 received 
16 flags with 14 of those flags coming from making observations that were one deviation below the 
mean. Based on this observed pattern, Person 2 is tending to measure too low and will also need to 
work on calibrating to better match the rest of the group. 
Person 3 has a few flags for measurements that were more than one standard deviation lower than the 
group’s mean. Although the majority of Person 3’s measurements were consistent with the group, this 
feedback could help the individual improve their precision. Person 4 does not have any pattern in their 
observations since there is just 3 flags recorded. 
The 4 Inch Tolerance Tab (Tables 6-7), indicates Person 1 is the only individual to fail and the only one 
with a strong pattern of exceeding deviation tolerance levels. There are six flags present for Person 1, 
and five of those observations are greater than or equal to four inches from the mean. Person 2, and 
Person 3, both obtained two flags for being out of tolerance for four inches while Person 4, only 
obtained one flag for being out of four-inch tolerance. The lack of flags provides no noticeable pattern 
for Persons 2, 3, and 4. 
Before the development of the DQTT, the precision of data collection teams had not been measured in 
great detail and statistical expectations on precision were not well defined. The standard four-inch 
tolerance was determined from empirical knowledge (APA Dictionary of Psychology, 2020) ) and is 
assumed as an industry standard. The four 
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individuals collecting data for this test case achieved a 98% precision for a five-inch tolerance, 91% 
precision for a four-inch tolerance, and 78% precision for a three-inch tolerance. A precision of four 
inches can be used with this group of data collectors since they surpassed the 80% threshold and 
achieved a 91% precision. This group of data collectors was also close to achieving a three-inch 
tolerance precision at 78% precision. 
Further research will be done with the DQTT to observe if additional training will allow for more 
precision from data collectors. If that research indicates that more training is needed, than the DQTT can 




The DQTT provides objective, quantitative feedback that assists trainers in coaching team members for 
how to collect consistent measurements. Utilizing the DQTT allows the trainer and the data collectors to 
have the confirmation that they are ready to go to the field and collect high quality data. It is now 
possible for trainers to identify who is struggling and how to correct the issue. Catching individuals 
struggling before data collection crews go to the fields will improve the precision of data collected and 
provide higher confidence when differences between plots are detected. The DQTT will help to identify 
the individuals that can be trusted to make observations for trait collection. Individuals that continue to 
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